
dO. f^ 2.

Whole No. 243

1942

Psychological Monographs

Rest Pauses in Motor Learning as

Related to Snoddy's Hypothesis
of Mental Growth

By

HUGH M. BELL
Department of Psychology, Chico State College

Published by

11 11. AMERICAN PSYCHOLOGICAL ASSOCIATION, INC.

Publications Office

NORTHWESTERN UNIVERSITY. EVANSTON. ILLINOIS



PUBLICATIONS OF

The American Psychological Association

WiLLARD L. Valentine, Business Manager

Psychological Review
Herbert S. Langfeld, Editor

Princeton University

Contains original contributions only, appears bi-monthly, January, March, May, July, September, and Novem-

ber, the six numbers comprising a volume of about 540 pages.

Subscription: $5.50 (Foreign, (5.75). Single copies, $1.00.

Psychological Bulletin

John E. Anderson, Editor

University of Minnesota

Contains critical reviews of books and articles, psychological news and notes, university notices, and announce-

ments. Appears monthly (10 issues), the annual volume comprising about 665 pages. Special issues of the

Bulletin consist of general reviews of recent work in some department of psychology.

Subscription: $j.oo (Foreign, $j-23)- Single copies, 75^.

Journal of Experimental Psychology
S. W. Fernberger, Editor

University of Pennsylvania

Contains original contributions of an experimental character. Appears monthly (since January, 1937), two

volumes per year, each volume of six numbers containing about 625 pages.

Subscription: $14.00 ($j.oo per volume; Foreign, $7.2$). Single copies, $1.2$.

Psychological Abstracts

Walter S. Hunter, Editor
Brown University

Appears monthly, the twelve numbers and an index supplement making a volume of about 700 pages. The

journal is devoted to the publication of non-critical abstracts of the world's literature in psychology and closely

related subjects.

Subscription: $7.00 (Foreign, $7.23). Single copies, 73t-

Psychological Monographs

John F. Dashiell, Editor

University of North Carolina

Consists of longer researches or treatises or collections of laboratory studies which it is important to publish

promptly and as units. The price of single numbers varies according to their size. The Monographs appear
at irregular intervals and are gathered into volumes of about 500 pages.

Subscription: $6.00 per volume (Foreig7i, $6.)o).

Journal of Abnormal and Social Psychology
Gordon W. Allport, Editor

Harvard University

Appears quarterly, January, April, July, October, the four numbers comprising a volume of 560 pages. The

journal contains original contributions in the field of abnormal and social psychology, reviews, and notes.

Subscription: $3.00 (Foreign, $5-23). Single copies, $1.30.

COMBINATION RATES

Review and Bulletin: $11.00 (Foreign, fii.50).

Review and J. Exp. (2 vols.): $17.00 (Foreign, $17.75).

Bulletin and J. Exp. (2 vols.): $18.50 (Foreign, $19.25).

Review, Bulletin, and J. Exp. (2 vols.): $23.00 (Foreign, $24.00).

Subscriptions, orders, and business communications should be sent to

The American Psychological Association, Inc.

Northwestern University, Evanston, Illinois

\



Volume 54
Number i

Whole No. 243

1942

Psychological Monographs

Rest Pauses in Motor Learning as

Related to Snoddy's Hypothesis
of Mental Growth

By

HUGH M. BELL
Department of Psychology, Chico State College

ijiiiw>^ii iirfMMjBMarn"!' nrra«a

JAN 7 f972

THE Or3TA~.!0 ilJSTITUTE ,'

FOPv STUDIES IN EDUCATiON I

ill__LJWIIII I II I 1 il I IIWM ~r>TiBr- TTrfc^ J^-—^T*^If >

Published by

THE AMERICAN PSYCHOLOGICAL ASSOCIATION, INC.

Publications Office

NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS



THE LIBRARY

The Ontario Institute

for Studies in Education

Toronto, Canada



TABLE OF CONTENTS
Chapter Page

I. Nature of the Problem i

Problem of Present Investigation.

II. Procedure and Method 6

Apparatus, Subjects, Experimental Procedure, Matching the Groups.

III. The Course of Learning 9

The Combined Control Group, Effects of Early Rest Periods Fol-

lowing the 5th Trial, Effects of Late Rest Periods Following the 15th

Trial, Status at the End of 20 Trials.

IV. Retention Following Rests 16

Retention at Trial 6 Following Early Rests, Retention at Trial 16

Following Late Rests, Gains Between Two Trials Following Rests

(Trials 6 and 7, and Trials 16 and 17).

V. Effect of Size of Score 21

Low and High Scores at Trials 6 and 16 Following Rest Inter-

vals, Gains at Trial 6 Following Early Rest, Gains and Losses at

Trial 16 After Late Rest, High Scores at Trial 6 Following Early

Rest Versus Low Scores at Trial 16 Following Late Rest.

VI. Interpretation 26

The Snoddy Hypothesis, Evidence Bearing on Primary Growth—

Earliness, Continuity, Stability, Evidence Bearing on Secondary

Growth, Additional Factors of the Present Data, Snoddy's Concept
of Interference, Other Conceptions of Interference, Warming-up
Effect, Theory of Time Factor in Rotor Learning, Present Theory
and Snoddy's Hypothesis, Permanence of Changes Over Rest Inter-

vals, Present Theory and Reminiscence, Limitations of the Present

Theory, Summary.

Bibliography 37

111





ACKNOWLEDGMENT

I wish to acknowledge my great debt of gratitude to Dr. Ernest R.

Hilgard who directed this investigation and who gave invaluable assist-

ance in organizing and interpreting the data. I am also indebted to

Dr. Lewis M. Terman and Dr. Quinn McNemar for criticisms and

suggestions for the improvement of the study. I wish also to acknowl-

edge my debt of gratitude to my wife, Eva M. Bell, who assisted with

the clerical and statistical work. Finally, I desire to express my thanks

to the subjects who took part in the experiment.





REST PAUSES IN MOTOR LEARNING AS RELATED TO
SNODDY'S HYPOTEIESIS OF MENTAL GROWTH

Chapter I

Nature of the Problem

THE
optimum length of practice and

rest periods in learning has been an

important problem to psychologists ever

since the classical studies of Ebbinghaus

(6) in which he found that distributed

repetition of nonsense syllables gave sig-

nificantly more efficient learning than

concentrated practice. Subsequent stud-

ies by Jost (13), Book (2), Lyon (16), and

others tended to confirm Ebbinghaus's

general findings.

These studies were supplemented by
research on the length of practice peri-

ods, intervals between trials, the stage

of learning when rests were introduced,

and the effect of the difficulty of the task

to be learned. A bibliogiaphy covering

these phases of the problem has been

prepared by McGeoch (19).

The problem of spaced practice is

concerned primarily with the acquisi-

tion of learning material, but the related

problem of reteyition of what has been

acquired has also been the object of ex-

perimental study. The type of analysis

begun by Ebbinghaus has been made by

many other experimenters, e.g.,
Luh

(15), most of whom have obtained results

similar to those of Ebbinghaus. These

studies showed a rapid drop during the

first hour following learning, which con-

tinued through eight hours at a slightly

decreasing rate. After eight hours the

rate of forgetting slowed markedly and

indicated very little loss.

On the other hand, a number of stud-

ies have shown that the retention curve

does not drop rapidly following learning,

but continues to rise. This has been de-

scribed as reminiscence by Ballard (1).

Evidence of reminiscence has been found

in the studies of retention of poetry by
Ballard (1), by Williams (34), and by
McGeoch (17). Ward (32) in a study on

rote learning, showed that recall and

relearning scores both indicated greater
retention after a two-minute lapse of

time than immediately following learn-

ing, and that the reminiscence effect

reached its maximum at five minutes and

then declined. Ward's results for rote

learning have been verified by Hovland

(8) and by Newman (21). The latter re-

ports reminiscence even after forty-eight

hoius.

Theories which have been set forth to

explain reminiscence are, for the most

part, the same as those used to explain
the general results of spaced practice.

Eatigue, rehearsal, and perseveration are

included by Hovland (8) in his summary
of current theories of reminiscence. A re-

cent theory has been developed by Hull

and his associates (10) in their mathe-

matico-deductive system based in part on

the conditioned response. This theory

postidates the existence of both excita-

tory and inhibitory processes in learning.

It further assumes that the inhibitory

processes weaken through the lapse of

time at a more rapid rate than the excita-

tory tendencies. This would result after

rest in an initial increase in effective ex-

citatory strength. With a given amoimt

of training, distributed practice should

give relatively less accumulated inhibi-
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tion. The theory would predict that

there should be less reminiscence in dis-

tributed practice because the inhibitory

process would have largely disappeared

during the previous rest period.

This theory is favored by both Ward

(32) and Hovland (8), the latter having

recently produced experimental data

confirming the aspect of the theory

which predicted more reminiscence fol-

lowing massed than following distributed

practice.

In a recent attack upon the problem
of spaced practice Snoddy (28) has

brought forth a new theory based upon
an extensive study of mirror vision co-

ordination. The time intervals between

practices of the various groups ranged
from continuous practice to rest periods
of 24 hours. From his analysis of the data

Snoddy concluded that there are two op-

posed processes of mental growth, pri-

mary growth and secondary growth. He
describes these as follows: "Primary

growth comes early and is enhanced by

interpolated time; it approaches its max-

imum as the length of the interpolated
time is increased. Secondary growth
comes later and is enhanced by reducing
the interpolated time; it is maximum
when the interpolated time is zero, or

when the practice may be said to be con-

tinuous" (28, p. 15). Primary learning is

stable and resists loss; secondary learning
is unstable and is lost over a long time

interval.

Snoddy places strong emphasis upon
the part which time plays in mental

growth. He writes: "Primary growth is

a positive function of the length of inter-

polated time. One may ask if this greater

gain for the time-interval group must

increase indefinitely as the length of the

interval is increased; and the answer

most certainly will be in the affirmative.

There is no known reason why any

growth which is proven to be a function

of time should ever cease" (28, p. 20).

It is apparent that Snoddy 's experi-

ments and his interpretation have im-

portant bearing upon the problem of

spaced practice and also upon the con

cept of reminiscence.

A number of studies on the time fac-

tor in motor learning have been the out-

growth of Snoddy's work. Humphreys
(12), a student of Snoddy, has tested the

Snoddy hypothesis by means of the

Koerth pursuit rotor,^ involving eye-

hand coordination. Humphreys believes

that his results agree with Snoddy's in

showing gieater gains in the early stages-

of learning betiveefi practice periods,

while in the later part of learning the

gains are made during practice periods.

Travis (30) also used the pursuit rotor

and studied the effect of 6-minute work

periods separated by intervals of 3 and

7 days and found that gains between

practice periods were evident and that

they were confined largely to the early

stages of learning, a finding which agrees

with Snoddy's conception of primary

growth.
In a second experiment Travis (31)

used a pursuit-oscillator, a test of motor

coordination somewhat similar to the

pursuit rotor, but which differs from the

rotor in that the pattern of movement
to be followed by the subject changes in

speed, while the pattern of the rotor

remains constant. He studied the effect

upon the rate of learning, of rest periods

varying in length from 5 minutes to 120

hours. Travis found that the rest period
of 20 minutes was more effective than

rest intervals of 5 minutes, 48 hours, 72

hours, and 120 hours, and that the rest

period of 5 minutes was better than the

three longest periods. The differences in

^ For a description of this a|)paratus see page
6 of this study.
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efFectiveness of the three longest periods
was insignificant. Since there was a most

favorable rest interval, the results are in

disagreement with Snoddy's prediction
that the longer the interval the greater
the gain.

Renshaw and Schwarzbek (22) have
also studied the effect of the length of

time for rest periods upon the learning
of a motor skill. They used the pursuit
meter which is similar to the Koerth pur-
suit rotor in that the subject has to learn

to follow a small target. However, the

pattern of the target on the pursuit
meter differs from that of the pursuit
rotor in that it is continually changing
in direction and rate, while for the pur-
suit rotor the direction and rate remain
the same. The rest intervals in their ex-

periment were spaced differently for each

of four groups of subjects. The first

group was in a progressively decreasing
order; the second, in a progressively in-

creasing order; the third, in a progres-

sively decreasing-increasing order; and

the fourth, in a progressively increasing-

decreasing order. From this study the

authors conclude that a progressively de-

creasing rest period favors more rapid
and effective improvement than do pro-

gressively increasing rests. This conclu-

sion agrees with Snoddy's hypothesis that

time is more effective in produ'i-ig gain

early in learning than it is late in learn-

ing. However, Dore and Hilgard (5) have

replotted Renshaw and Schwarzbek's

data in terms of elapsed time instead of

by trials and they report that this change
indicates that the data in fact favor in-

creasmg rests, contradicting Snoddy.
Dore and Hilgard (4) studied the ef-

fects of differential spacing of rest peri-

ods in pursuit-rotor learning where sub-

jects, in group designated A, B, C, and D,

practiced on the rotor for various

amounts of time within one 43-minute

period. Three of the groups, A, B, and

C, practiced for i -minute periods and
rested 11, 3, and 1 minutes respectively
between trials. Within an ecjual number
of trials Group A made the largest gain.

Group B next, and Group C third in

order. Group D practiced 3 minutes and

rested 1 minute and had the same num-
ber of practice trials as Groups A, B, and

C. The performance of Group D, within

an equal number of trials, was the poor-
est of the 4 groups. When the scores for

Groups A, B, and C, were plotted by
time elapsing from the beginning of prac-

tice, instead of by trials, the performance
curves were not markedly different.

When all the groups were practiced in

a final trial with fatigue effects approxi-

mately equal, the scores tended to fall in

order of the amount of practice. Thus
the authors conclude that growth in pur-
suit learning may take place during
rather than betioeen trials, which is con-

trary to Snoddy's view.

Following this study, Dore and Hil-

gard (5) made a more direct test of

Snoddy's hypothesis. From Snoddy's
statement that primary growth comes

early in learning and is facilitated by in-

terpolated time and that secondary

growth comes late in learning and is en-

hanced by reducing the interpolated
time they derived the theorem that "if

two equated groups of subjects are given
the same number of practice trials dis-

tributed over the same total time, but

the practice is differently distributed,

that group which is given initial spaced

practice and final massed practice should

show higher scores at the end of the

period than the group which is given
initial massed practice and later spaced

practice."

Again using the pursuit rotor, they

tested this theorem in an experiment in

which the number of trials and the
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amount of time were equal for two

groups of subjects, but for one group the

trials were first massed and later spaced,

while for the other group the trials were

first spaced and later massed.

The resvdts of the experiment showed

that the group for which the trials were

massed at the beginning and later dis-

tributed made final scores significantly

higher than the group for which the

trials were distributed at the beginning
and massed toward the end. These re-

sults, of course, are directly the opposite
of what would be predicted from Snod-

dy's hypothesis.

Because their data do not support

Snoddy's hypothesis, Dore and Hilgard

(5) suggest a scheme of classification

within which the evidence on motor

learning may be discussed. Their classi-

fication includes two sets of factors:

learning factors and work factors. Learn-

ing factors include improvement within

practice, or acquisition, and loss with

non-practice, or forgetting. Work factors

include loss within practice, or work

decrement, and improvement with non-

practice or recovery with rest. They
contend that Snoddy's postulation of

primary growth to account for the un-

favorable effects of massing and the ad-

vantages of spacing is unnecessary and

that the growth between trials can be

accounted for in terms of work decre-

ment and recovery. With respect to sec-

ondary growth, they hold that this aspect
of learning is more effectively described

as forgetting.

In Snoddy's (26) reply to Dore and

Hilgard's experimental test of his theory,

he points out that their method is "arti-

ficial" and not capable of testing his

theory. He states that they have made
time a constant in their study while in

his own experiments, time was a variable

throughout. He also states that an "inter-

ference" factor was present in Dore and

Hilgard's group which was given spaced

practice early and massed practice late

because the subjects in this group had

become adapted to time-interval condi-

tions in the same practice sittings. He
shows from his own experiments that this

interference factor arises whenever sub-

jects who have become adapted to spaced

practice during one sitting are later

shifted to a condition of continuous prac-

tice. He predicts that if Dore and Hil-

gard had removed the interference factor

by interpolating an overnight rest they
would have found the two groups at the

same efficiency level. This contention has

not been subjected to test.

PROBLEM OF PRESENT INVESTIGATION

A review of the studies on distributed

and massed practice as a whole, and

those experiments in particular which

are related to Snoddy's hypothesis of pri-

mary and secondary growth, indicates

that there is need for a crucial test of

Snoddy's hypothesis. As has been stated,

Snoddy holds that primary growth occms

early in learning and is facilitated by the

increase of time between trials while

secondary growth occurs later in learning

and is enhanced by the reduction of time

between trials. The problem of the pres-

ent investigation is to test experimentally
the validity of this hypothesis by intro-

ducing differential rest periods at two

points in the learning process, one early

in learning when rises following rests are

to be expected, and one late in learning

when losses following rests may be ex-

pected. The arrangements of the experi-

ment permit a test not only of the

general direction of changes over the

interspersed early or late rest periods,

but also the modification in these

changes with longer and shorter rests. If

as rest intervals early in learning become
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longer gains become greater—and if as not obtained, the hypothesis must be re-

rest intervals late in learning become jected. If the changes are obtained, the

longer gains become less—then the study hypothesis remains plausible, but must

will agree with the predictions of the still be judged in the light of equally

Snoddy hypothesis. If such changes are plausible alternatives.



Chapter II

Procedure and Method

APPARATUS

THE
apparatus used in the present ex-

periment was the Koerth (14) pur-

suit rotor, a unit of the Stanford motor

skills tests (25). The rotor consists of a

small circular target of brass, 1.9 cm. in

diameter, mounted on an insulating disc

which rests upon a phonograph turn-

table. The subject attempts to hold a

stylus on the target as the disc turns at

the rate of one revolution per second.

The stylus is hinged to permit the brass

pointer to move freely in a vertical plane
while the subject holds the wooden
handle. A commutator of ten brass plates
sunk in the edge of the disc in such a

way as to present a smooth surface of

alternating metal and bakelite permitted
ten electrical contacts during each revo-

lution of the disc. The impulses were re-

corded by an electromagnetic counter. A
score of ten for each revolution of the

disc is maximum and any failure to keep
the stylus on the target results in a lower

score. Throughout the experiment scores

were reported for trials of one-minute

duration, or 60 revolutions of the disc,

the maximum score being 600.

SUBJECTS
Results were reported foi 1 1 groups of

subjects, 10 experimental and 1 control.

The control group contained 40 subjects
and the experimental groups had from

40 to 46 subjects in each group, making
a total of 457. Four hundred thirty-six

were undergraduate students at Chico

State College in California and the re-

maining 21 were from the Yuba County
Junior College at Marysville, California.

The subjects in each group were com-

posed of approximately equal numbers
of the two sexes.

EXPERIMENTAL PROCEDURE

All subjects were treated alike with

respect to preliminary instructions in the

use of the stylus and in a demonstration

of the pursuit rotor. The tests were given
in a room free from distraction and in

which there was good light at all times.

Each subject was tested individually. All

subjects completed twenty 1 -minute

trials on the rotor, with the trials sepa-

rated by 1 -minute rest periods except for

a single longer rest. Longer rest periods
were introduced as follows: Group B was

given a 10-minute rest following the 5th

trial; Group C, a i-hour rest following

the 5th trial; Group D, a 6-hour rest

following the 5th trial; Group E, a 24-

hour rest following the 5th trial; and

Group F, a 30-hour rest following the

5th trial. Thus groups B to F, all with

rests after the 5th trial, constitute the

groups with early rests. Group G was

given a 10-minute rest following the 15th

trial; Group H, a i-hour rest following

the 15th trial; Group I, a 6-hour rest

following the 15th trial; Group J, a 24-

hour rest following the 15th trial; and

Group K, a 30-hour rest following the

15th trial. These groups, G to K, consti-

tue the groups with late rests. The con-

trol group. Group A, received only the

1 -minute rest periods between all their

trials.

During the 1 -minute and the 10-

minute rest periods the subjects were

seated and given a popular magazine to

read. For the longer rest periods the sub-

jects left the laboratory and did not re-
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turn until just before their rest intervals

had expired. The motivation of the sub-

jects was good, nearly all of them ex-

pressing interest in the experiment and

asking many questions about it. About

one-third of the subjects were volunteers

who had been told about the experiment

by friends who had already taken it.

MATCHING THE GROUPS

The 1 1 groups of subjects practiced
alike for the first 5 trials, so that it was

ticipated in the study there were 31

eliminated either because they made
little or no progress in learning the rotor,

as, for example, one subject who began
with a zero score and ended with a score

of 19 at the 20th trial; or because their

initial scores were too high to be in-

cluded in the group for which they were

scheduled and they could not be reas-

signed to other groups because the new
time for the test conflicted with their

school classes or with the time which had

Table i

Means and standard errors of the means for trials i and 5 for the eleven groups of subjects on the

pursuit rotor. All groups treated alike within these trials.

Groups
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chance sampling error. This is verified by is between Groups E and J. This dil-

the fact that the averages for these two ference of 12.3 has a standard error of

groups are practically equal at the 5th 20.76, yielding a critical ratio of 0.6, indi-

trial. The largest difference among the eating that these groups were satisfac-

averages of the 11 groups at the 5th trial torily matched.



Chapter III

The Course of Learning

THE COMBINED CONTROL GROUP

THE
control group, Group A, was de-

signed to provide a typical perform-
ance curve for 20 trials on the pursuit
rotor when the trials were uniformly

spaced at a rest interval of 1 minute. The

changes introduced by the longer rest

intervals early and late in practice could

then be compared with this reference

curve. The obtained learning curve is

plotted as a broken line in Figure 1.
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Control Group. n=40

Groups G through K combined

n = 204
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Fig. 1. Control group compared with Groups G
through K combined.

Each point is a mean of the scores of the

40 subjects in the control group.
To determine how representative the

control group was of the other data ob-

tained at trials spaced at 1 -minute inter-

vals, scores for Groups G to K were

averaged for each trial up to trial 15,

after which a longer rest was introduced.

The first 15 trials of these groups should

coiTespond to the first 15 of the control

group since no experimental variation

was introduced. The solid line of Figure
1 gives these values, the means from 204

subjects. The two curves agree substan-

tially for the first 10 trials, and then they

diverge. At trial 15 the difference is 17.5

points. While such a difference is easily
accounted for by chance, since the criti-

cal ratio is only 1.15, it would appear

plausible to expect the 'true' value to be

Fig.

10 15

TRIALS

2. The reference curve.

20

nearer the mean of the whole measured

population.
In order to secure the most stable and

representative curve with which to com-

pare the separate gioups, the scores of

trials 1-15 inclusive for Group A were

combined with the same trial scores for

Groups G, H, I, J, and K. This curve

was then extrapolated for trials 16 to 20.^

The combined curve was found to be ap-
proximately logarithmic between trials 6 and 15,
so that the extrapolation could be made mathe-

matically according to the equation V =r 388 logi,,
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The curve with the extrapolation is

shown in Figure 2 by the solid line to

trial 15 and the dotted line from trial

15 through trial 20. In this chapter, for

purposes of general comparison this de-

rived curve will be used as the reference

curve for the combined control group,

since this is the best prediction of the

curves of Group B, which had a 10-

minute rest following the 5th trial, and

Group C, with a i-hour rest after the 5th

trial, arc presented in Figure 3, where

they may be compared with the reference

curve for the combind control group.

It is clear that these groups were well

matched between trials 1 and 5, where

—
\

—
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—
1

—
1

—
1

—
1

—
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—
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—
1

—
1 1

—
1
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the 5th trial, shows a gain at trial 6 some-

what under that of Group B but above

the reference curve. Group C makes a

more rapid gain from trials 6 to 7 than

Group B, suggesting the possibility of

a "warming-up" effect, a point which

will be dealt with more extensively in

Chapter IV, Group C continues to gain

500

groups were well matched in ability from

trials 1 to 5. At the 6th trial, following
a 6-hour rest, Group D showed a marked

gain and continued to gain rapidly from

trials 6 to 7. After trial 7, it slowed up
somewhat but still remained well above

the reference curve throughout the bal-

ance of the trials, ending at trial 20

1 1 1

1
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Groups D, E, and F are more striking

than their differences. These longer rest

periods placed early in learning seem to

affect learning progress on the pursuit

rotor favorably and to much the same ex-

tent regardless of whether they are 6

hours, 24 hours, or 30 hours in length.

When Figure 4 is compared with Fig-

ure 3 it appears that the initial gains

EFFECTS OF LATE REST PERIODS
FOLLOWING THE I5TH TRIAL

The learning curves for Group G,
which had a lo-minute rest following
the 15th trial, Group H, with a i-hour

rest after the 15th trial, and the reference

curve are presented in Figure 5.

These three groups appear to be well

matched, as they start with average scores

500
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Fig. 5. Short rest pauses interpolated late in learning.

following the rest periods are maintained

better in the later stages of learning for

the longer rest intervals than they are

for the shorter rest intervals.

Since the groups with the longer rest

periods attained somewhat higher final

scores than the groups with shorter rest

periods the data so far seem to agree
with Snoddy's hypothesis that early rests

should be favorable, and the longer the

better. However, final judgment on this

point cannot be made until a more ana-

lytical study of the data is presented.

which do not differ to a significant de-

gree, and continue to improve through
trial 15 at the same rate. After the rest

of 10 minutes Group G showed a definite

gain and was well above the level of the

reference curve at trial 16. It continued

to gain through trials 17, 18, and 19, and

reached trial 20 still above the reference

curve. It is to be recalled that the ref-

erence curve represents the expected

course of improvement with a 1 -minute

rest. A 10-minute rest late in learning

has therefore brought more gain than a
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1 -minute rest, disagreeing with the

Snoddy hypothesis.

Group H, with a i-hour rest after the

15th trial, made practically no gain at

trial 16 and fell considerably below the

level of the reference curve at that point.

However, from trial 16 to 17, Group H
showed a rapid gain and rose above the

reference curve, holding an advantage

These groups are fairly well matched
to the 15th trial, although Group J, from

the 8th trial showed slightly more im-

provement than the other groups.

Following a rest period of 6 hours

after trial 15, Group I showed a definite

loss and dropped markedly below the

level of the reference curve. Group J,

with a 24-hour rest, also showed a loss at

500
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30 Hour K— 24 Hour J— 6 Hour I— Reference Curve

J L

5 10 15 16

TRIALS
Fig. 6. Longer rest pauses interpolated late in learning.

over it through trial 19. At trial 20 it

again lost and ended near, but below it.

The rapid gain at trial 17 suggests that

the relatively poor performance of Group
H on trial 16 may have been due to the

need for a "wanning-up" trial.

The effect of longer rest periods placed
late in learning is shown in Figure 6.

Learning curves for Group 1, with a

6-hour rest. Group J, a 24-hour rest, and

Group K, a 30-hour rest—all rests after

the 15th trial—are presented with the

reference curve.

trial 16 and dropped considerably below

the reference curve in spite of the fact

that it was above it at trial 15. Group K,

with a 30-hour rest, likewise, showed a

distinct loss at the 16th trial, but did

not drop so low as Group L These con-

sistent losses for all intervals beyond 1

hour agree with Snoddy's contention that

a late rest should be deleterious.

At the 17th trial the three groups, 1,

J, and K, all showed rapid recovery and

regained their former positions relative

to the reference curve. From trials 17 to
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Table 2

Combined means at the 5th and final trials of all early and all late rest groups,
and the mean change at rests

Rest
Periods
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for the late rest group, 459.6. The dif-

ference between the averages is 4.7 and

the standard error is 7.1, yielding a criti-

cal ratio of .66. Since Snoddy contends

that primary growth is stable these gains

which were found when the rests were

placed early should be retained and yield

average scores on the final trials signifi-

cantly higher than where the rest periods

were placed late in learning. That this

was not found to be true means that

Snoddy's theory is of limited applica-

bility and needs supplementation, even if

certain aspects of it are confirmed.

In order to provide a more rigorous

test of Snoddy's hypothesis, and if pos-

sible to provide a more meaningful in-

terpretation of the findings of this in-

vestigation, a more detailed analysis of

retention at trials 6 and 16 and trials

7 and 17 was made.



Chapter IV

Retention Following Rests

IN
the previous section of the study

the general progress of learning for

all the groups in the present investiga-

tion was presented. In this section a

more detailed analysis is to be made of

the effect of differential rest periods

upon retention of the 6th and the i6th

and at the 7th and the 17 th trials. Figures

A drop occurs in both curves at the

1-hour rest periods. At the 6-hour rest

intervals the two curves are markedly
different, the early rest group showing a

rise, while the late rest group shows a

drop to the point of an actual loss. At

the 24-hour and 30-hour rest intervals

the two curves maintain about the same

+80

Rest Intervals

Fig. 7. Retention over rests after the 5th trial.

7 and 8 show the effects on retention of

introducing rest periods of the same

durations early and late in learning. In

Figure 7 the scores on the ordinate repre-
sent differences between the means of

Groups A, B, C, D, E, and F at trials 5
and 6, and in Figure 8, of Groups A, G,

H, I, J, and K at trials 15 and 16. The
rest intervals are represented on the ab-

scissa. The data are plotted like con-

ventional retention curves.

The curves for both the early and late

rest groups show a rapid rise for the

shorter rest intervals of 1 minute and
10 minutes, the rise being greater for the

early rest than for the late rest group.

Rest Intervals

Fig. 8. Retention over rests after the 15th trial.

level as at the 6-hour intervals, with the

late rest group showing a tendency to

lose somewhat less than at the 6-hour

rest.

RETENTION AT TRIAL 6,

FOLLOWING EARLY RESTS

The means of Groups A, B, C, D, E,

and F at trial 6, their differences, and
standard errors of the differences are

given in Table 3.*

Group A, the control group, which

rested 1 minute at the end of trial 5,

* The critical ratios comparing each group with
all other groups have been computed and are in

the dissertation on file in the Stanford University
Library.

16
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Table 3

Retention measured by changes over early rest intervals at trials 5-6

Rest Interval Mean at Trial 5 Mean at Trial 6
Mean
Change

(TM

I minute (A)
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Table 4

Retention measured by changes over late rest intervals at trials 15-16

Rest
Interval

Mean at

Trial 15

Mean at
Trial 16

Mean
Change

<TU

I minute (A)
10 minutes (G)
I hour (H)
6 hours (I)

24 hours (J)

30 hours (K)

422.4
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Table 6

Relearning measured by changes in scores at trials 16-17, following late rest

Rest
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place within the first trial of the task

resumed after a longer rest.

In Table 6 the means at trials lO and

17 for Groups A and G through K, the

mean changes, and their standard errors

are shown.

Group A gained 13 points; Group G,

with a lo-minute rest, 11 points; Group
H, with a 1-hour rest, 40 jioints; Group
I, with a 6-hour rest, 52 points; Group J,

with a 24-hour rest, 41 points; and

Group K, with a 30-hour rest, 44 points.

The critical ratios indicate significant

differences between A versus H, A versus

I, A versus J, A versus K, G versus H,

G versus I, G versus J, and G versus K.

All these reliable differences at trial 17

are between the shorter and the longer
rest intervals, there being no reliable

differences among the longer rest inter-

vals.

A comparison of the data in Tables 5

and 6 represented in Figures 9 and 10

shows that the retention curves are quite
similar. Both early and late groups which

rested 1 minute and 10 minutes gained

significantly less than those which rested

1 hour, hours, 24 hours, and 30 hours,

and the differences between the three

longer rest groups were, in both in-

stances, insignificant. This similarity of

the curves of the two groups suggests

that there was a common factor oper-

ating both early and late different from

primary and secondary growth. Such

"growth" as was lost at trial 16, accord-

ing to Snoddy's hypothesis, would merely
be recovered at trial 17. But the data

presented show that the relearning
curves are clearly similar for both early

and late groups. Hence a more logical

explanation would be that the gains at

the 7th and 17th trials are due to a com-

mon effect at trials 6 and 16, alike fol-

lowing early and late rests. This effect

may provisionally be described as

"warming-up." Further conjectures re-

garding the maximum at 6 hours will be

considered later.



Chapter V

Effect of Size of Score

THE
analysis of the data is continued

in order to study what effect the

size of scores had upon retention early

and late in learning. The 1 1 groups of

subjects were divided into low and high-

score groups on the basis of their per-

formance at trial 4 for those having early

rest intervals and at trial 14 for those

4-100

the low and the high-score groups at the

6th trial are presented in Figure 11, and

the curves for the low and high-score

groups at trial 16, in Figure 12. These

curves are similar to those of the original

groupings as shown in Figures 7 and 8,

page 16.

At the 6th trial there is a rapid rise

Rest Intervals

Fig. 11. Retention for low and high scores after

rests at the 5th trial.

having late rest intervals. Trials 4 and

14 were selected as the basis for this

division in order to counteract the ef-

fects of statistical regression. By making
the division at these trials rather than

at trials 5 and 15 it was possible to con-

trol to some extent the distortion which

results from the tendency of the high
and the low scores to regress toward their

means (20). That is, the chance errors,

making scores too high or too low on

trials 4 and 14, will be cancelled out in

the new measurements of trials 5 and 15.

LOW AND HIGH SCORES AT TRIALS 6

AND 16, FOLLOWING REST INTERVALS

The curves representing retention for

Rest Intervals

Fig. 12. Retention for low and high scores after

rests at the 15th trial.

for both the low and the high-score

groups at the 1 -minute and lo-minute

rest intervals, a drop for both at the

1-hour interval, and then a rise for both

at the 6-hour interval. At the 24-hour in-

terval the low-score group continues to

gain while the high-score group shows

a drop. They move closer together at

the 30-hour interval, but with the low-

score group still showing a gain con-

siderably above that of the high-score

group.
At trial 16, both the low and the high-

score groups show a rise at the 1 -minute

rest interval, which is followed by a

large gain for the low-score group but

practically no gain for the high-score

21
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Table 7

Comparison of low scores for retention over early rest interval at trials 5-6

Rest
Interval
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Table g

Comparison of low scores for retention following late rest at trials 15-16

Rest
Intervals

Mean at

Trial 15

Mean at

Trial 16
Mean
Change

(TM

I minute
10 minutes
I hour
6 hours

24 hours

30 hours

358.0
325-9
328.0
336.2
365.8
315-3

381
393
348
307
352
328

23.8
67-5
20.8
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1 6 should show whether the size of the

scores or the earliness or lateness of the

rest intervals was responsible for the dif-

ferences in gains over the various rest

intervals.

+90

I -hour interval, but the drop was less

for the high-6th group. Following the

6-hour rest the two groups are widely

separated, the high-6th showing a gain
and the low- 1 6th, a loss. They continue

Rest Intervals

Fig. 13. Comparison of changes in scores for high score groups at

trial 6, and for Ioav score groups at trial 16.

In Figure 13, the retention scores of

the high-score group at trial 6 and of the

low-score group at trial 16 are compared.
Both the high-6th and the low-i6th

groups showed a rapid gain at the 1-

minute and the lo-minute rest intervals.

Both groups showed a drop over the

to be separated after the 24-hour rest,

with the high-6th showing a gain and

the low- 16th still showing a loss. At the

30-hour rest the low- 16th group shows

a gain, but it is still considerably below

the level of the high-6th group.
In Table 11, the mean changes over

Table 11

Comparison of the retention scores for high scores at the 6th trial after early rests and low scores at

the 1 6th trial after late rest

Rest
Interval

Mean Change
6th Trial

High Scores

Mean Change
1 6th Trial

Low Scores
Differences a~D

I mmute
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the rest periods, for the high-score group
at the 6th trial and the low-score group
at the 16th trial, their differences, the

standard errors of the differences, and

the critical ratios for the differences, are

presented.

There were no significant differences

between the high-6th and the low- 16th

groups over the 1 -minute and lo-minute

rest intervals, as shown by t's (7) of .51

and .66 respectively. The small gains

shown, however, were in favor of the

high-6th group. (For groups of this size

a t of 2.85 is necessary to reach accepted
standards of significance, i.e., p. < .01.)

Over the i-hour, 6-hour, 24-hour and

30-hour intervals the differences continue

in favor of the high-6th group: 23.7,

yielding a t of 1.43 at the i-hour inter-

val; 87.6 with a f of 4.61 at the 6-hour

interval; 50.5 with a f of 2.62 at the 24-

hour interval; and 34.1, with a ^ of 1.52

at the 30-hour interval.

These data indicate that there was a

tendency for the high-score groups which

rested after the 5th trial to make larger

gains over the varying rest periods than

the low-score groups which rested after

the 15th trial, particularly over the

longer rest periods. It appears, then, that

the determining factor in these differ-

ences was the earliness or lateness of the

rests rather than the level of the scores

at the time the rests were interpolated.



Chapter VI

Interpretation

THE SNODDV HYPOTHESIS

THIS
investigation has sought to test

experimentally the Snoddy hypothe-

sis, the principal tenet of which is that

learning progress is determined by two

sets of factors: primary and secondary

growth. In his own study, Snoddy used

the mirror drawing apparatus, but it

is evident from his reply to Dore and

Hilgard (26) that he approves the Koerth

pursuit rotor used in this experiment as

a satisfactory test of primary and sec-

ondary growth and one which yields

results comparable to the mirror draw-

ing apparatus. Furthermore, he has cited

Humphreys' (12) experiment, in which

the pursuit rotor was used, as giving

evidence supporting his hypothesis.

EVIDENCE BEARING ON PRIMARY
GROWTH

According to Snoddy (28), primary

growth is characterized by its earliness,

its stability, and its dependence upon
interpolated time. In his own words:

. . . Primary growth is a positive function of

the length of the interpolated time interval,

(p. 20).

Primary growth is early and stable . . . ,
and

because it is an increase in stability, it must
be continuous, (p. 35).

Primary growth is a continuous growing
function which can never decrease, (p. 36).

From these statements, it is clear that

an experimental test of primary growth
must take into consideration its three-

fold characteristics: earliness, continuity,

and stability.

1. Earliness. The rest periods for five

of the groups in this study were placed

early in learning—after the 5th trial in

a series of 20. These rest intervals early

in learning resulted in larger gains than

rest intervals of the same duration inter-

polated late in learning. And the analy-

sis of high scores at the 6th trial and

low scores at the 16th trials. Figure 12,

page 21, showed that earliness and late-

ness of rest intervals, and not the size

of the score, were responsible for the

differences in gains. This indicates that

the gains which would be predicted agree

with Snoddy's view that primary growth
occurs early in learning.

2. A second characteristic of primary

growth is that it is a continuous ever-

growing fimction. At this point the data

of the present study do not support

Snoddy. It can be seen by reference to

Figure 7, page 16, that the extent of

gains at the 6th trial are not propor-
tional to the amounts of time interpo-

lated following the 5th trial. In fact, the

10-minute rest period produced a larger

gain than the 6, 24, or 30-hour rest

periods.

Rather, the above finding is in har-

mony with the study of Travis (31) with

the pursuit oscillator, in which he found

that a rest period of 20 minutes was

significantly more effective than rest pe-

riods of 5 minutes, 48 hours, 72 hours

and 120 hours, that the 5-minute rest

period was more effective than the three

longest rest periods, and that there was

little difference among the longest pe-

riods.

3. Stability. Snoddy has used the cumu-

lative arithmetic mean as a measure of

the stability of primary growth. Con-

cerning this measure he writes:

The cumulative mean is indeed a satisfactory

26
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measure of the stability factor, since no

averages for clays or circuits ever go below

it. But it will be recognized that this cumu-

lative mean is much more than a stable

measure; it is indeed a measure of a groioth

process lohich increases, so far as we can see

at present, without limit (28, p. 40).

In the present study, this measure was

used with Group I, which rested 6 hours

after the 15th trial, to test the stability

of primary growth. Group I was used

because it showed the greatest loss of any
of the groups resting late in learning.

In Figure 14, the averages for this group
of trials 1-20 are shown by the solid line

and the cumulative means of trials 1-15,

by the broken line. It is apparent that the

drop at trial 16 after the 6-hour rest is

still considerably above the cumulative

mean at trial 15, which indicates that in

terms of Snoddy's measure of stability

the data at this point support his claim

for the stability of primary growth.
Dore and Hilgard (5) have challenged

Snoddy's use of the cumulative mean as

a measure of primary growth, showing
that he failed to note that the cumula-

tive mean of a logarithmic curve bears

a definite relation to that curve—that the

cumulative mean of the points in a

logarithmic curve (when plotted as a

straight line) is another curve of one-

half of the slope. They point out that

if primary growth is expressed as the

cumulative mean and secondary growth
found by subtracting primary growth
from total growth secondary growth
then becomes equal to primary growth
minus a constant representing the initial

score. This would mean that the primary
and secondary growth differentials are

equal after the first score, which would

deny Snoddy's statement that early and

late massing of practice have different

effects because of early preponderance of

primary growth and later preponder-

ance of secondary growth. These objec-

tions may make less important the sta-

bility of learning in our data as de-

termined by Snoddy's method.

So far, it is apparent that the present

data support Snoddy's contention that

primary growth occurs early in learning

and that it is stable when measured by
the cumulative mean, but they do not

500

Fig. 14. Comparison of the arithmetic mean and

the cumulative arithmetic mean for Group 1

with a 6-hour rest.

agree with his claim that it is a con-

tinuous, ever-growing function. They
neither confirm nor refute his use of the

cumulative arithmetic mean as a measure

of primary growth.

EVIDENCE BEARING ON SECONDARY
GROWTH

In his more detailed discussion Snoddy

(28) states that secondary growth occurs

late in learning, that it is unstable and

readily lost over long-time intervals, that

it rests on a base of primary growth, and

that it is the difference between total

growth and primary growth. To quote

him directly:

Secondary growth has two important attri-

butes, namely it comes late and is unstable,

that is, it meets with heavy losses as it faces

the long time intervals, (p. 46).
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Secondary growth at any point can be found

by subtracting out the primary growth at

that point. . . . However, when we perform
this simple operation of subtracting the two

scores, we should be clear as to what is in-

\olved in the procedure. The two growths
are completely opposed . . . and when we

subtract out . . . primary growth we are

actually considering this score as zero of

secondary growth. Secondary growth then is

being measured from a base, which under

constant conditions, is constantly rising, (p.

79)-

The late growth has no base of its own, but

given a base that has been built up by
stimulation and interpolated time, the in-

crement is greater as the interpolated time

is removed, (p. 93).

The differential rest periods for five

groups in the present study were interpo-

lated late in learning—after the 15th trial

in a series of 20. These groups resting

late in learning showed a loss in score

for the longer rest intervals, as com-

pared with gains following identical rest

intervals early in learning. This is shown

in Figures 7 and 8, page 16.

The most pronoimced instance of this

instability following rests late in learn-

ing is over the 6-hour rest interval, as

shown in Tables 3 and 4, pages 17 and

18. This interval produced an average

gain of 66.2 when interpolated follow-

ing the 5th trial, and an average loss of

28.6 when placed after the 15th trial, or

a difference between the means of 94.8

in favor of the early rests. This agrees

with Snoddy's characterization of second-

ary growth as being unstable.

However, the data do not agree with

Snoddy's claim that secondary growth
is greater as interpolated time is re-

moved. Evidence of this is shown in the

fact that the groups which rested 24 and

30 hours after the 15th trial showed

less loss than the group which rested

6 hours.

When primary growth is measured by

the cumulative arithmetic mean the pres-

ent data support Snoddy's claim that

secondary growth rests on a base of

primary growth. This is shown in the

test of the stability of primary growth
of Group I by means of the cumulative

mean. As shown in Figure 14, Group I

had built up a considerable base of

primary growth, as measured by the

cumulative mean, at the 15th trial. There

is a difference here between primary

growth and the total growth of 126

points, which, according to Snoddy,
woidd represent secondary growth.

However, over the 6-hoiir rest interval

following the 15th trial only 29 points

of secondary growth were lost. In other

words, secondary growth lost 29 points

out of a total of 126 following a 6-hour

rest interval late in learning. This would

indicate that either the rest period was

not long enough for the unstable char-

acter of secondary growth to manifest

itself or that the cumulative mean was

not a satisfactory measure of primary

growth for Group I. The latter seems

to be the more likely since there was less

loss over the 24-hour and the 30-hour

intervals than over the 6-hour interval.

It appears, then, that the present find-

ings support Snoddy's contention that

something (similar to what he calls sec-

ondary growth) occurs late in learning

and that it is unstable and hence lost

over long intervals of time. They are

at variance with his theory that the loss

over long intervals is proportional to

the amount of interpolated time, and

they further question his use of the

cumulative mean as a measure of pri-

mary growth.

ADDITIONAL FACTORS OF THE
PRESENT DATA

From the foregoing discussion of the

present test of the Snoddy hypothesis it
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is apparent that primary and secondary

growth—or early and late learning factors

—do not adequately accoinit for all the

findings of this study. One such factor

is the presence of an inhibiting or inter-

ference tendency early in learning.

The nature of the pursuit task is such

as to prodtice a large amount of inter-

ference at the beginning of learning, as

the disc turns at the constant speed of

one revolution per second. This makes

it necessary for the subject to adapt
himself quickly to the apparatus, and

does not give him opportunity to ad-

just the task to his own rate of move-

ment. Interference was obviously greater

and continued for a larger number of

trials with the subjects with poor eye-

hand coordination than with the sub-

jects with good eye-hand coordination.

The subject showed little evidence of

strain as he held the stylus before the

start signal was given. (The task ap-

peared so simple.) But when the start

signal was given and he made a stabbing
movement at the target, only to have it

elude him, he ceased to be relaxed and

strain became apparent. Finding it diffi-

cult to make contact he began to bend

the wrist, holding the stylus at nearer

a right angle, rather than horizontal to

the disc. When the wrist was bent to

the point where the handle of the stylus

struck the revolving disc, the shock of

stricking the disc caused him to relax for

a moment and the pursuit movements

then became more accurate. As learning

progressed these interfering movements

gradually disappeared.
From the present study it is not pos-

sible to provide experimental verification

of this conception of interference and

hence it is presented as an hypothesis
which needs to be verified by further

research. However, one approach to the

data of the present study which appears

to be coherent with this hypothesis is

the change in relative variability from

trial 1 through trial 20. In Figure 15 a

comparison is made of both absolute

and relative variability for Groups B

through K combined into a single gioup
of 417 subjects. Absolute variability

125



30 HUGH M. BELL

interpretation. He found that for the

group which had continuous practice the

logarithmic curve fitted to the data by
the method of least squares failed to

pass through the first few points, and

in explaining this Snoddy drew the con-

clusion that "either the log equation is

a misfit entirely or the two growths under

conditions of continuous practice have

an interference effect upon each other.

... It seems possible that this interference

effect—which is gradually overcome—in

the early part of continuous practice, is

the sole cause of the poor fit of the

logarithmic equation at the early sta-

tions." (28, p. 29).

Since Snoddy believed that this failure

of the equation to pass through the early

stations of the continuous practice group,
which naturally would have a low pri-

mary growth base, was evidence of an

interference factor, he decided to test

this assumption experimentally by an

arrangement which would allow a large

primary growth base before the second-

ary growth would appear. He therefore

arranged for practice on the mirror draw-

ing apparatus which should be preceded

by a rest period and followed immedi-

ately by practice not preceded by a rest

period. He says of this arrangement:

The growth in circuits preceded by the time-

interval will be accelerated by the time

interval; but when we come to the pairs,
which have no interval between them, we
should have primary growth in the first

circuit and secondary growth in the second,

since continuity is a determiner of secondary

growth. . . . The condition woidd therefore

seem to be ideal for determining an inter-

ference effect, that is, a loss in the second
member of each pair. (28, p. 32).

The results of this study are repro-
duced in Figure 16, where the encircled

stations represent mean velocity scores

which were preceded by a 2-minute time

interval, except a and b, which were

preceded by 24-hour intervals. The boxed

stations represent the mean velocity

scores which followed immediately after

the encircled stations— that is, they were

not preceded by a rest interval.

It is clear that an interfering or in-

hibiting effect is present in the trials

which were not preceded by a rest in-

terval, as the velocity scores represented

by boxed stations are, with the exception
of one, below that of the rest interval

stations. However, this denies Snoddy's
tenet that secondary growth is facili-

tated by the reduction of time, as the

losses are not smaller late in learning

for the continuous practice trials. In fact,

his data show an advantage for spaced

practice throughout the series of trials.

It is apparent also that the interfer-

ence effect was present in the early as

well as in the late stages of learning,

which contradicts Snoddy's statement

that primary growth is prominent in the

early stages and secondary growth in the

late stages of learning.

Since Snoddy's definition of interfer-

ence is non-operational in his own ex-

periment it is impossible to use it to

accoimt for the results of the present

experiment. In adding an interference

factor, however, we are recognizing as-

pects of his data as well as of otirs.

OTHER CONCEPTIONS OF INTERFERENCE

In one of his earlier studies (1920),

Snoddy (27) employed a concept of in-

terference which he defines somewhat

more clearly but which he discarded in

his more recent studies. He called it

the "irradiation picture" and described

it as follows:

In the early tracings in Stage I, the subject

grasps the stylus, much as he would a pen
or pencil—the functioning of the muscula-

ture concerned being characterized by a cer-

tain ease and facility; but, as the recess period
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is continued, the subject grasps the styhis
with an observable stiffness; the staff of the

stylus, which at first lay back in the hand,
is now perpendicular to the plane of the

apparatus; the arm, which was at first mobile,
now becomes stiff and rigid; the upper trunk,

which at first was inclined over the apparatus,
now becomes stiff and erect; the opposed

interfering associations, poor habits of

attention, incidentally acquired in the

course of learning, which, as they fade,

leave the more firmly established type-

writing associations free to act.

In Ward's (32) recent study, 1937, on

reminiscence in rote learning he employs

20 25
Circuits

Fig. 16. Interference between the gro\\th processes.

(Reproduced from "Snoddy.")

musculature in the legs becomes tensed, re-

sulting in a marked rigidity and stiffness;

apparently the last musculature to be added
to this assimilation is that of the unused
arm. (pp. 51-52).

Woodworth (35) says "if practicing
one act makes another act more difficult

to perform we speak of interference."

He speaks of "associative interference"

as having to do with the learning of an

act, and "reproductive interference" as

referring to the execution of an act al-

ready learned.

Book (2), 1908, in his classic study on

typewriting used a concept of interfer-

ence to explain the growth he found in

the retention of typewriting skill after

rest. He attributes this growth to the

disappearance with the lapse of time

of numerous psycho-physical difficulties,

the idea of interference similar to that

of Book. He writes:

. . . the explanation of reminiscence in terms

of the dying out of a positive interfering

tendency growing up during learning is a

good one. It is pretty well agreed that what

Ave call "inhibitions" in the conceptual sense,

without implying anything as to their nature

other than a tendency away from the re-

actions under consideration are set up dur-

ing the course of learning.

Speaking in everyday terms, there is an inter-

action of attempts not to make incorrect

responses and attempts to respond correctly.

Often certain new and incorrect responses

are partially learned also. It seems natural

in the same everyday terms to expect that

a short rest from the activity involved should

allow one to "forget" these mistakes which

are not as well learned as the correct re-

sponses, with which they have partially inter-

fered. In terms of such concepts as those of
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associative and retroactive and proactive in-

hibition, the interval of rest allows the dying
out of these inhibitions which are assumed

to have a more rapid rate of disintegration

than do some of the positive excitatory

tendencies found at the same time. (pp. 102-

103).

Newman (21) in his study of the effect

of "crowding" on forgetting states that

spacing in time allows interference to

disappear during the learning process.

He emphasizes also that crowding the

material on to the subject tends to in-

crease the amount of interference.

McGeoch (18), 1939, has summarized

the various hypotheses for interference

in this manner:

At the present the best hypothesis is that

the interferences among the parts of the ma-

terial since they are less strong than the

correct associations, drop out faster, disin-

hibiting the correct associations. This ex-

planation unifies the data for the distribution

of practice and for reminiscence in that it

offers a common basis for the two. (p. 339).

WARMING-UP EFFECT

Another finding of the present study

not accounted for by the Snoddy hy-

pothesis of primary and secondary growth
is the presence of a "warming-up" factor.

Following the longer rest intervals both

early and late in learning, the subject

made several preliminary adjustive move-

ments as he resumed his task, such as

changing stance, changing his grip of

the stylus, and changing the position of

the hand not being used. It seemed neces-

sary, too, for him to become oriented

again to the experimental situation—

that is, the room in which the test was

given, the apparatus, and the experi-

menter—and to his own level of aspira-

tion.

As was mentioned in Chapter IV, evi-

dence provisionally designated as warm-

ing-up was shown in Figures 9 and 10,

page 19. The curve in Figure 9 for re-

tention scores at trial 7 is very similar

to the curve in Figure 10 for retention

scores at trial 17. In other words, reten-

tion scores at trials 7 and 17 show the

operation of a warming-up factor com-

mon to both. This factor obviously is

not accounted for by either primary or

secondary growth since by hypothesis

they are opposite in effect. Furthermore,

it differs from interference in that its

magnitude was the same both early and

late in practice, while interference was

great early in practice and gradually

eliminated late in practice. It appears,

then, that warming-up is a function of

time which differs from primary and

secondary growth and interference.

Previous studies have noted and dis-

cussed warming-up. Thorndike (29) in

1903 defined warming-up as "that part

of an increase of efficiency during the

first 20 minutes (or some other assigned

early portion) of a work period, which

is abolished by a moderate rest, say of

60 minutes. Such warming-up should

show itself clearly in individuals at or

near the limit of practice, and, in others,

should compound with the effects of

practice to make the rise in efficiency

especially rapid in the first 20 minutes

of work." (p. 66).

Robinson (23) has defined warming-up
as a "rise in efficiency which is steeper

and more temporary than the rise in

successive daily performances." (p. 622).

In a study on tapping. Wells (33) shows

actual evidence of the effect of warming-

up. He found there was warming-up

improvement when 30-second tapping
tests were separated by 21/2-minute rests,

but in six successive 5-second periods

within each 30-second period of con-

tinuous tapping the usual decrement ap-

peared.
Robinson and Heron (24) found evi-

dence of warming-up in their study on
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reciting the alphabet backwards. In ex-

plaining the action of warming-iip Rob-

inson (23) concludes that "we are dealing
with short-lived habits, formed during
the experimental sittings and lost before

the next sittings. These might consist

largely of a mental attitude, or they

might involve also the attainment of a

favorable muscular posture."
In the present study the term warming-

up is used to describe the very rapid re-

instatement of a previously reached score

after a first trial in which the task is

resumed. It distinguishes the second trial

after rest from the first trial after rest

and is a different fmiction of time. It

may be that this factor is rapid re-

learning, but its appearance in the sec-

ond trial following rest strongly sug-

gests warming-up.

THEORY OF TIME FACTOR IN

ROTOR LEARNING

Having considered the findings of the

present study which require explanation,

namely, gains early in learning, losses

late in learning, interference, and

warming-up, a tentative theory of

changes over rest may be advanced to

account for the results obtained. The

general course of improvement is ac-

cepted as given, although, of course, a

complete theory of pursuit learning
would have to account for it also.

On the purstut rotor, interference and

warming-up may be inferred to operate

throughout the course of learning with

different effects at different stages. Inter-

ference is assumed to be greatest in the

first few trials and to become less as

learning progresses, while warming-up
is inferred to increase rapidly during the

first few trials but then to remain fairly

constant throughout the rest of the learn-

ing. Rest intervals tend to remove inter-

ference but necessitate warming-up for

subsequent trials. Large gains occur over

rest intervals early in learning because

the amount of interference removed is

greater than the warming-up needed to

establish preceding levels of scoring. To-

ward the end of learning losses occin-

over rest periods because the warming-up

required becomes greater than the

amount of interference removed. This

counter-action of interference and

warming-up gives rise to the conception
of "true learning," i.e., the inferred score

when obtained learning is corrected for

interference and warming-up.

PRESENT THEORY AND SNODDY's

HYPOTHESIS

The large gains over early rest in-

tervals, which Snoddy attributed to pri-

mary growth, are explained in the pres-

ent theory as being the result of the

elimination of interference during the

rest intervals. The advantage of spaced

practice according to the theory is not

that it provides opportunity for primary

growth over the rest periods but rather

that it tends to eliminate ineffectual

responses which were interfering with

the development of effective responses.

This view of the advantage of spaced

over massed practice has also been sug-

gested by McGeoch (18), Ward (32), and

Newman (21), and was discussed earlier.

Snoddy's concept of secondary growth

is not necessary to explain losses over

rest periods late in learning if the pres-

ent theory is acceptable, since it accounts

for them adequately by assuming that

interference has been reduced to the

point where warming-up is greater than

interference. The losses revealed in the

first trial after rests were quickly re-

covered in the second trial, indicating

clearly that prior learning was not really

lost, but could be quickly restored after

brief warming-up.
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The theory also avoids the ambiguity
of Snoddy's conception of interference as

an antagonistic interaction between pri-

mary and secondary growth. All the

factors in learning, according to our

theory, are present throughout the en-

tire course of learning, differing only in

the degree to which each is effecting

learning at any given stage.

It is not to be understood that the

conjectures represented in the forego-

ing discussion are in any sense a final

or complete theory of what is happen-

ing during the acquisition of the pur-

suit skill, or over the interpolated rest

periods. The conjectures are offered

rather as alternatives to Snoddy, showing
how data consonant with his hypothesis

are also consonant with alternative hy-

potheses. While the alternatives pre-

sented have some advantages over Snod-

dy's hypothesis, the underlying processes

of "true learning," "interference," and

"warming-up," have yet to be substanti-

ated through supporting experiments.

PERMANENCE OF CHANGES OVER
REST INTERVALS

The final scores for groups resting

early in learning, as compared to groups

resting late in learning (Table 2, page

i4),_present some difficulties for Snoddy's

theory, since the end amounts of growth
should differ under the two conditions

of rest. This comparison showed that the

groups which rested early in learning

made significantly larger gains over rest

than those which rested late. However,

when the final scores at trial 20 were

compared, they had both reached about

the same score level. Obviously, the large

gains of the early rest groups were not

maintained, and the losses of the late

rest groups were quickly overcome. As

has been pointed out, these large gains

following rest intervals early in learning

are attributed to the reduction of inter-

ference and the losses following rest in-

tervals late in learning are due to

warming-up. Hence the equal scores at

trial 20 are exactly what the proposed

theory would demand, since by 5 trials

after a rest, warming-up and interference

are alike for both early and late resting

groups, and the baseline of 20 trials of

"true learning" is common to both.

The comparison of the score changes

following rest periods with the final

scores tends to question an assumption

by Hidl and others (11) in their recent

mathematical analysis of rote learning.

They state that the efTectiveness of a rest

interval in distributed practice is solely

a function of the increase in score over

this interval, (p. 124). Our data show,

however, that the changes over the rest

intervals may have had little to do with

the end results since they were so readily

modified by the trials which immediately
followed. In Figure 3, page 10, for ex-

ample, it can be seen that Group B, after

a rest of ten minutes at the 5th trial,

made a large gain at trial 6. However

this gain was not maintained at trial 20

since the score for Group B is below

that of Group A and Group C, both of

which showed smaller gains at trial 6

than Groiq) B.

Our theory as presented does not make

specific allowance for relearning after

rest, since it is based on the conception
of no true forgetting over these short

intervals. Hence the fact of final scores

essentially alike is confirmatory. Since

all final scores were not alike, a more

precise formulation would recjuire con-

sideration of further factors involved in

relearning after rest.

PRESENT THEORY AND REMINISCENCE

This theory is entirely in harmony
with the theories of reminiscence by Mc-

Geoch (18), and by Ward (32). They
have emphasized the removal of inhibit-



REST PAUSES IN MOTOR LEARNING 35

ing or interfering factors during rest as

the primary determinant in the gains

which followed. The results of the pres-

ent study for the lo-minute rest groups
both early and late in learning, as shown

in Figures 7 and 8, page 16, indicate

that a rest of 10 minutes produced larger

gains than a 1 -minute rest. Since our

data show a drop at the i-hour rests

both early and late, it is assumed that

the point of optimum reminiscence lies

somewhere between 1 minute and 1

hour. From the present data it is not

possible to determine the length of the

rest which gives the greatest reminiscence

effect. The study by Travis (31) showed

that 20-minute rests were better than

5-minute ones in pursuit learning.

LIMITATIONS OF THE PRESENT THEORY

The present theory as outlined is

limited since it has not accounted for

the specific differences at each rest in-

terval. It is limited, too, by the fact that

there may be a genuine "forgetting"
factor present in the losses over the

longer rests which has not been accounted

for. Furthermore, it may be shown that

the gains over the longer rest periods
found in our study and in those by Bux-

ton (3), by Ballard (1), and by Newman

(21) are not adecjuately explained. That

is, interference should be recovered from

relatively quickly. Yet gains over very

long intervals are reported. It is conceiv-

able that there may be also some sort of

maturational process not considered in

our theory. These omissions do not ne-

gate the cogency of the specific factors

inferred in the proposed theory, but they

suggest possible elaborations.

SUMMARY

Significantly large gains in score oc-

cured when rest intervals were interpo-
lated early in learning, which is in agree-

ment with Snoddy's concept of primary

growth. The data show no agreement
with his claim that primary growth is a

continuous function of time. Results sup-

port Snoddy's contention that something

(similar to what he calls secondary

growth) occurs late in learning and that

it is unstable and hence lost over long

periods of time, but the loss over long
intervals is not found to be proportional
to the amount of interpolated time.

Furthermore, there is evidence for in-

terference and warming-up factors not

adequately treated by Snoddy.

Snoddy's conception of interference as

opposition between primary and second-

ary growth was rejected because his data

tended to refute his description of it.

Instead, the concept of interference as

inhibition or conflict between incorrect

and correct responses in the early stages

of learning, as described by Book, Ward,
McGeoch and others, was adopted. The

presence of a warming-up factor as

adopted has been shown in the studies

of Wells and of Robinson and Heron.

A tentative theory was formulated to

explain the changes over rest periods in

pursuit learning. It holds that interfer-

ence and warming-up operate through-
out the coinse of learning, but with dif-

ferent effects at different stages. Inter-

ference is gieatest at the beginning and

gradually diminishes as learning pro-

giesses, while warming-up increases rap-

idly during the first few trials and then

remains fairly constant throughout the

rest of learning. Rest intervals tend to

remove interference but necessitate

warming-up for subsequent trials. Large

gains occur over rest intervals early in

learning because the amount of inter-

ference removed is greater than the

warming-up effect. Losses occur over rest

intervals late in learning because

warming-up becomes greater than the

amount of interference removed. "True

learning", then, is obtained learning plus
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the diflcrence between interference and

warming-up.
This theory accounts for the large gains

early and the losses late in learning with-

out employing Snoddy's conception of

primary and secondary growth. Further-

more, it avoids the ambiguity of assum-

ing, as Snoddy does, an antagonistic re-

lationship between earliness and lateness

in learning. It is in harmony with the

theories of reminiscence of Ward and

McGeoch.

The theory is limited in that it does

not give a complete picture of the reten-

tion curve, that it does not include a

"forgetting" factor, which may actually
be present, and that it may not account

adequately for a change in growth which

may occur over the longer rest periods.
Elaboration of the theory along these

lines is possible without rejecting the

proposals as stated. Such further approxi-
mations to a more complete theory of

pursuit learning must wait upon the

accumulation of additional data.



BIBLIOGRAPHY

1. Ballard, P. B. 01)livescence and reminis-

cence. Brit. J. Psychol. Monngr. Supf)!.,

1913, /, No. 2, 1-82.

2. Book. W. F. The psychology of skill: with

special reference to its actjuisition in type-

writing. Univ. Mont. Piibl. Psychol., 1908,

/, 188 pp.

3. Bi'XTON, C. E. Retroaction and gains in

motor learning: III, Evaluation of results.

J. gen. Psychol., 1940, 22, 309-320.

4. DoRE, L. R.. & HiLGARD, E. R. Spaced practice

and the maturation hypothesis. /. Psychol.,

1937' (> 245-259-

5. DoRE, L. R., & HiLCARO, E. R. Spaced practice

as a test of Snoddys two processes of

mental growth. J. exp. Psychol., 1938, 2j,

359-374-

6. EmiiNCHAUS, H. Uber das Gediichtnis. 1885.

(Trans, by Ruger and Busseiiius. Memory,

i9>3-)

7. Fisher, R. A. Statistical methods for research

workers. (6th ed.) Edinburgh: Oliver and

Boyd, 1936.

8. HovLAND, C. I. Experimental studies in rote

learning theory. I. Reminiscence following

learning by massed and distributed prac-

tice. /. exp. Psychol., 1938, 22, 201-224.

9. HovLAND, C. I. Experimental studies in rote

learning theory. VI. Comparison of reten-

tion following learning to the same cri-

terion by massed and distributed practice.

J. exp. Psychol., 1940. 26, 568-587.

10. Hi LL, C. L. The conflicting psychologies

of learning-a way out. Psychol. Rev., 1935,

./2, 491-516.

11. Hu'.L, C. L., HOVLAND, C. I.. Ross, R. T.,

Hall, M., Perkins, D. T., & Fitch, F. B.

Mathematico-deductive theory of rote

learning. New Haven: Vale Univ. Press,

1940.

12. HuMi'HREYS, L. G. The factor of time in

pursuit rotor learning. /. Psychol., 1936, j,

429-436.

13. JosT, A. Die Assoziationsfestigkeit in ihrer

Abhiinggigkeit von der verteilung der

Wiederholungen. Z. Psychol., 1897, /./, 136-

472.

14. KoERTH, W. A pursuit apparatus: eye-hand

coordination. Psychol. Monogr., (Univ. la.

Stud. No. VIII), 1922, J/, 288-292.

15. LuH, C. W. The conditions of retention.

Psychol. Monogr., 1922, ]i. No. 3, 1-87.

16. Lyon, D. O. The relation of length of ma-

terial to time taken for learning, and the

optimum distribution of time. /. educ.

Psychol., 1914, 3, 1-9, 85-91, 155-163.

17. McGeoch, G. O. The conditions of reminis-

cence. Amer. J. Psychol., 1935, .fj, 65-89.

18. McGeoch, J. A. Retention. From Introduc-

tion to psychology by Boring, Langfeld,

and Weld. New York: Wiley, 1939.

19. McGeoch, J. A. I he psychology of human

learning: a bibliography. Psychol. Bull.,

1933. 30, No. 1.

20. McNemar, Q. a critical examination of the

University of Iowa studies of environ-

mental influence upon the I. Q. Psychol.

Bull., 1940, )7, 63-92.

21. Newman, E. B. Effect of crowding of ma-

terial on curves of forgetting. Amer. J.

Psychol., 1939. 52, 601-609.

22. Renshaw, S., R: Schwarzbek, W. C. The de-

pendence of the form of the pursuit-

meter learning function on the length of

the inter-practice rests: I. Experimental;
II. Theoretical. /. gen. Psychol., 1938, 18,

3-16, 17-29.

23. Robinson, E. S. Work of the integrated

organism. In a handbook of general ex-

perimental psychology, ed. by C. Murchi-

son. Worcester: Clark Univ. Press, 1934.

24. Robinson, E. S., & Heron, W. T. The

warming-up efTect. ./• exp. Psychol., 1924,

7, 81-97-

25. Seashore, R. H. Stanford motor skills unit.

Psychol. Monogr., 1928, ]9, No. 2, 51-66.

26. Snoddy, G. S. a reply to Dorc and Hilgard.

J. exp. Psycho!., 1938, 2j, 375-383-

27. Snoddy, G. S. An experimental analysis of a

case of trial and error learning in the

human subject. Psychol. Mo7Wgr., 1920, 2S,

No. 124, 78 pp.

28. Snoddy, G. S. Evidence for two opposed

processes in mental growth. Lancaster:

Science Press, 1935.

37



38 HUGH M. BELL

29. Thorndikt, E. L. Fducalional psychology.
New ^ork: Teaclicis College, Cohimhia

Univ., 1914, \'ol. 3.

30. Travis, R. C. Practice and rest periods in

motor learning. /. Psychol., 1936, j, 183-

187.

31. Travis, R. C. The effect of the length of

the rest period in motor learning. /.

Psychol., 1936, J, 189-194.

32. Ward. L. B. Reminiscence and rote learning.

Psychol. Monogr., 1937, ./9, No. 4, 1-64.

33. Wki.I-s, F. L. Normal performance on the

ta|)ping test before and during practice,
with s])ecial reference to fatigue phe-
nomena, .imcr. J. Psychol. 1908, j(j, 437-

483-

34. Williams, O. A study of the phenomenon of

reminiscence. J. exp. Psychol., 1926, 9, 368-

35. WooDWORTH, R. S. Experimental psychology.
New York: Holt, 1938.

i$6.§
P974
V. 54
no. 1

Psychological monographs t

general and applied - Rest

pauses in motor learning as

related to Snoddy's hypothesis

150.8
P974
V. 54

nOo 1

Psychological monographs: general
and applied - Rest pauses in motor
learning as related to Snoddy's
hypothesis of mental growth,
by Hugh M. Bell

.^ll'iy.e,
-JACKSON LIBRARV

3 OOOS 030335^7?



ANNOUNCEMENT
With this issue, the Psychological Monographs is

appearing in a new format.

The two-column arrangement of the type makes it

possible for us to get more material on each page and

also enables us to make better use of the space which

is devoted to cuts.

As a result of these changes, we can now get into 350

pages the same amount of material that formerly re-

quired 500 pages.

We hope that our subscribers will be pleased with the

improved appearance and decreased bulk of the mono-

graphs.

Authors of monographs will be interested to learn that

this printing arrangement is less expensive to them.

Address orders and subscriptions to:

American Psychological Association, Inc.

Northwestern University

Evanston, Illinois



AMERICAN PSYCHOLOGICAL PERIODICALS

American Journal of Psvcholog)—Ithaca, N.Y.; Cornell University. Subscription $6.50. 624 pages annually.
Edited by K. M. Dallenbach, Madison Bentley, and E. G. Boring. Quarterly. General and experimental

psychology. Founded 1887.

Journal of Genetic Psychology—Provincetown, Mass.; The Joumal Press. Subscription $14.00 per annum (s

volumes). 1000 pages annually. Edited by Carl Murchison. Quarterly. Child behavior, animal behavior,

and comparative psychology. Founded 1891.

Psychological Review—Northwestern University, Evanston, 111.; American Psychological Association, Inc. Sub-

scription $5.50. 540 pages annually. Edited by Herbert S. Langfeld. Bi-monthly. General psychology.
Founded 1894.

Psychological Monographs—Northwestern University, Evanston, 111.; American Psychological Association, Inc.

Subscription ?6.oo per volume. 500 pages. Edited by John F. Dashiell. Without fixed dates, each issue

one or more researches. Founded 1895.

Psychological Bulletin—Northwestern University, Evanston, 111.; American Psychological Association, Inc. Sub-

scription $7.00. 665 pages annually. Edited by John E. Anderson. Monthly (10 numbers). Psychological

literature. Founded 1904.

Archives of Psychologj—New York, N.Y.; Columbia University. Subscription $6.00 per volume. 500 pages.

Edited by R. S. Woodworth. Without fixed dates, each number a single experimental study. Founded

1906.

Journal of Abnormal and Social Psychology—Northwestern University, Evanston, 111.; American Psychological

Association, Inc. Subscription $5.00. 560 pages annually. Edited by Gordon W. AUport. Quarterly.

Founded 1906.

Journal of Educational Psycholog)—Baltimore, Md.; Warwick & York. Subscription |6.oo. 720 pages annually.

Edited by J. W. Dunlap, P. M. Symonds, and H. E. Jones. Monthly except June to August. Founded

1910.

Psychoanalytic Review—New York, N.Y.; 64 West 56th St. Subscription §6.00. 500 pages annually. Edited by
Smith Ely Jelliffe. Quarterly. Founded 1913.

Journal of Experimental Psychology—Northwestern University, Evanston, 111.; American Psychological Associa-

tion, Inc. Subscription $14.00 per annum (2 volumes). 1250 pages annually. Edited by Samuel W.

Fernberger. Monthly. Founded 1916.

Journal of Applied Psychology—Indianapolis, Ind.; C. E. Pauley & Co. Subscription |6.oo. 600 pages annually.
Edited by James P. Porter. Bi-monthly. Founded 1917.

Journal of Comp.trative Psychology—Baltimore, Md.; Williams & Wilkins Co. Subscription $14.00 per annum
(2 volumes). 1000 pages annually. Edited by Roy M. Dorcus, Knight Dunlap, and Robert M. Yerkes.

Bi-monthly. Founded 1921.

Comparative Psychology Monographs—Baltimore, Md.: Williams & Wilkins Co. Subscription $6.00 per volume.

400 pages. Edited by Roy M. Dorcus. Without fixed dates, each number a single research. Founded

1928.

Genetic Psychology Monographs—Provincetown, Mass.; The Journal Press. Subscription $7.00. 500 pages an-

nually. Edited by Carl Murchison. Bi-monthly. Each number one complete research. Child behavior,

animal behavior, and comparative psychology. Founded 1925.

Psychological Abstracts—Northwestern University, Evanston. 111.; American Psychological Association, Inc.

Subscription $7.00. 700 pages annually. Edited by Walter S. Hunter and H. L. Ansbacher. Monthly.
Abstracts of psychological literature. Founded 1927.

Journal of General Psychology—Provincetown, Mass.; The Journal Press. Subscription $14.00 per annum

(2 volumes). 1000 pages annually. Edited by Carl Murchison. Quarterly. Experimental, theoretical,

clinical, and historical psychology. Founded 1927.

Journal of Social Psychology—Provincetown, Mass.; The Journal Press. Subscription $7.00. 500 pages annually.
Edited by John Dewey and Carl Murchison. Quarterly. Political, racial, and differential psychology.
Founded 1929.

Psychoanalytic Quarterly—Albany, N.Y.; 372-374 Broadway. Subscription $6.00. 560 pages annually. Edited

by Bertram D. Lewin and others. Quarterly. Founded 1952.

Character and Personality—Durham, N.C.; Duke University Press. Subscription $2.00. 360 pages annually.
Edited by Karl Zener. Quarterly. Founded 1932.

Journal of Psychology—Provincetown, Mass.; The Journal Press. Subscription $14.00 per annum (2 volumes).
800-1200 pages annually. Edited by Carl Murchison. Quarterly. Founded 1936.

Psychomeirika—University of Chicago, 111.; Psychometric Society. Subscription $10.00. 320 pages annually.
Edited by L. L. Thurstone and others. Quarterly. Quantitative methods in psychology. Founded 1936.

Psychological Record—Bloomington, Ind.; Principia Press. Subscription $4.00. 500 pages annually. Edited by

J. R. Kantor and C. M. Louttit. Without fixed dates, each number a single research. General psychology. .v^/.,v

Founded 1937. ^W'
Journal of Consulting Psychology—Lancaster, Penn.; Science Printing Co. Subscription $3.00. 240 pages tm(jf.yy^.'t'

nually. Edited by J. P. Symonds. Bi-monthly. Founded 1937. ;tA'''

GEORGE BANTA PUBLISHING COMPANy, MENASHA, WISCONSI!i|;i:4J)V'" M


